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SYSTEM AND METHOD FOR INCREASING THE COUNT 
OF OUTSTANDING SPLIT TRANSACTIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priority from the following U.S. Provisional Patent 
Applications: 

Serial No. 60/229,830, which was filed on August 31, 2000, by Sam Duncan, 
Dave Golden, Darrel Donaldson, Dave Hartwell, Steve Ho, Andrej Kocev, Jeff Willcox 
and Roger Pannell for a SYMMETRICAL MULTIPROCESSOR COMPUTER 
SYSTEM; and 

Serial No. [09/654,096], which was filed on August 31, 2000, by Roger Pannell 
for a SYSTEM AND METHOD FOR USING FUNCTION NUMBERS TO INCREASE 
THE COUNT OF OUTSTANDING SPLIT TRANSACTIONS, 

each of which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to computer systems and, more specifically, to the 
input/output (I/O) subsystem of a computer system. 

Background Information 

Connected to most computer systems, including symmetrical multiprocessor 

(SMP) systems, are a plurality of peripheral components, such as disk drives, tape drives, 

graphics accelerators, audio cards, network interface cards (NICs), etc. The peripheral 

components are typically connected to an input/output (I/O) bus operating in accordance 
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with a bus standard, such as Industry Standard Architecture (ISA), Extended ISA (EISA), 
and Peripheral Components Interface (PCI) bus standards. In most computer systems, the 
processor bus to which the processor(s), caches and the main memory are connected of- 
ten runs at a higher speed than the I/O bus. Accordingly, a separate device, referred to as 
an I/O bridge, is used to interface between the processor and memory which are attached 
to the processor bus, and the peripheral components which are attached to the I/O bus. 
The I/O bridge basically moves transactions, e.g., reads and writes, between the processor 
bus and the I/O bus. 

Recently, an extension to PCI, known as PCI-X, has been developed. The PCI-X 
bus standard, which provides for a bus width of 64 bits and a bus frequency of 133.3 
MHz, represents a significant improvement over conventional PCI. In addition to the in- 
crease in bus operating speed, the PCI-X bus standard also defines several new features. 
Specifically, the PCI-X standard defines a new bus transaction phase called the "attribute 
phase". The attribute phase uses a 36-bit attribute message which the initiator of a trans- 
action drives onto the I/O bus immediately after the address phase. The attribute message 
contains several fields specifying information about the size of the transaction, the or- 
dering of transactions, and the identity of the transaction initiator. 

Fig. 1 is a highly schematic block diagram of a PCI-X attribute message 100 as- 
sociated with a DWORD transaction. A DWORD is a 32-bit block of data aligned on 
four-byte boundaries. The attribute field 100 includes a 4-bit, byte enables field 102, 
which is set to indicate which of the four bytes of the DWORD contain valid data, a re- 
served (R) field 104, a no snoop (NS) field 106, a relaxed ordering (RO) field 108, and a 
5-bit, tag field 110. The tag field 1 10 is used by the initiator of the bus transaction to 
uniquely identify up to 32 different sequences. A sequence is defined in the PCI-X stan- 
dard as one or more transactions associated with carrying out a single, logical transfer, 
such as a read or write operation. The attribute message 100 further includes a requester 
bus number field 1 12, that contains the requester's bus number in case the transaction 
crosses more than one I/O bus, a requester device number field 114, that contains the 
identification (ID) number assigned to the requester, a 3-bit, requester function number 
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field 1 16, that contains an ID number assigned to the particular requesting function 
within the device, and a reserved field 118. 

The requester function number field 1 16 is included to support multifunction pe- 
ripherals connected to the I/O bus. An example of a multifunction peripheral is a combi- 
nation Ethernet controller/disk controller disposed in a single physical device. Each 
separate function of a multifunction peripheral is encoded, typically during fabrication, 
with a respective function number. Devices which do not support multiple functions, in- 
cluding I/O bridges, are typically encoded with a single function number, e.g., "000". 

If the Ethernet controller part of the multifunction peripheral device drives an at- 
tribute message 100 onto the I/O bus, it loads its encoded function number, e.g., "000", in 
field 1 16. If the disk controller part of the peripheral drives an attribute message 1 00 
onto the I/O bus, it loads its encoded function number, e.g., "001", in field 116. The 
function number field 1 16, among others, is used by a requesting device to help keep 
track of bus transactions that end up being "split" as opposed to being completed at the 
time they are initiated. 

Specifically, the PCI-X bus standard also provides support for "Split Transac- 
tions", which allow a targeted device to delay the completion of a transaction initiated on 
the I/O bus, without tying up the bus or the requesting device. Suppose, for example, that 
a requesting device wishes to read data from a targeted device. The requesting device 
requests and gains control of the I/O bus. The requesting device then initiates the read 
transaction. As part of this process, the requesting device drives an attribute message 100 
onto the I/O bus, which specifies its device number, its function number, and a selected 
tag value, among other information. If the targeted device is able to accept the transac- 
tion, but must delay the delivery of the data, it responds to the requesting device with a 
Split Response. The I/O bus can then be used to transfer other transactions by the re- 
questing device or by other devices. When the targeted device is ready to deliver the 
data, it places a Split Completion transaction onto the I/O bus that includes the data. As 
part of the Split Completion transaction, the targeted device also provides the device 
number, function number and selected tag value previously specified by the requesting 
device so that the requesting device can match up the Split Completion transaction with 
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its earlier read request. If the targeted device cannot complete the delivery of the data 
due some type of error, it returns a Split Completion Message, indicating that an error 
occurred. 

The PCI-X bus standard represents a significant improvement over the conven- 
tional PCI standard. Nonetheless, an I/O bridge interfacing to a PCI-X bus can still con- 
stitute a bottleneck, especially in a computer system having a large number of peripheral 
devices. For example, the processors of an SMP computer system often move data in 
large, e.g., 64-byte, blocks. Suppose a given processor issues a write transaction to a pe- 
ripheral device, such as a tape drive, and that the write transaction includes four 64-byte 
blocks of data. The processor sends each 64-byte block to the I/O bridge for delivery to 
the tape drive. If the tape drive and/or I/O bus can only accept DWORD transactions 
(i.e., 32-bit data blocks), each 64-byte block must be broken down into sixteen 32-bit 
DWORD blocks, which can then be individually driven onto the I/O bus. 

As the tape drive can theoretically respond to each DWORD transaction with a 
Split Response instead of completing the write immediately, the I/O device assigns a dif- 
ferent tag value to each DWORD. In this way, the I/O bridge can match up subsequent 
Split Completions with the particular DWORD being requested. Because the tag field 
1 10 is 5-bits in length, the maximum number of split transactions that the I/O bridge can 
have outstanding at any given time is 32. For computer systems having only a few proc- 
essors and only a few peripheral devices, this is deemed a sufficient number of outstand- 
ing split transactions. 

For large computer systems, such as SMP systems, supporting large numbers of 
peripheral devices, however, this number has proven to be inadequate. Indeed, after re- 
ceiving the second 64-byte block of data from the processor, the I/O bridge in the above 
example must stall the processor to prevent it from sending any further blocks of data 
until the tape drive completes enough DWORD transactions to free up sufficient tag val- 
ues. Stalling a processor obviously reduces system performance. 
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SUMMARY OF THE INVENTION 

Briefly, the present invention is directed to a system and method for increasing 
the number of split transactions that can be outstanding on an input/output (I/O) bus op- 
erating in accordance with a bus protocol, such as the Peripheral Component Interface 
Extended (PCI-X) specification standard. More specifically, an I/O bridge interfaces 
between one or more processors and memory subsystems, and one or more I/O devices 
coupled to the I/O bus. The I/O bridge includes a transaction initiation engine, a transac- 
tion completion engine and one or more queues for buffering information that is to be 
transferred onto or which has been received from the I/O bus. To initiate a bus transac- 
tion targeting a given I/O device, the transaction initiation engine generates an attribute 
message which it drives onto the bus. The attribute message includes a tag field and a 
function number field. In accordance with the invention, the transaction initiation engine 
concatenates, at least logically, the tag field and the function number field so as create a 
novel, super-tag field. For each bus transaction, the I/O bridge loads the super-tag field 
with a different value so as to keep track of transactions responded to with a Split Re- 
sponse by the targeted device. Creation of the super-tag allows the I/O bridge to support 
up to 256 outstanding split transactions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 
Fig. 1, previously discussed, is a highly schematic block diagram of an attribute 
message; 

Fig. 2 is a schematic block diagram of a symmetrical multiprocessor computer 
system in accordance with the present invention; 

Fig. 3 is a schematic block diagram of a dual processor module of the computer 
system of Fig. 2; 

Fig. 4 is a schematic block diagram of an I/O subsystem of the computer system 
of Fig. 2; 

Fig. 5 is a schematic, partial block diagram of a data port of the I/O subsystem of 

Fig. 4; 
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Fig. 6 is a schematic block diagram of a data structure in accordance with the pre- 
sent invention; and 

Fig. 7 is a schematic, partial block diagram of a data port of the I/O subsystem of 
Fig. 4 in accordance with another embodiment of the present invention. 

5 DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

Fig. 2 is a schematic block diagram of a symmetrical multiprocessor (SMP) sys- 
tem 200 comprising a plurality of processor modules 202 interconnected to form a two 
dimensional (2D) torus or mesh configuration. Each processor module 202 preferably 

10 comprises two central processing units (CPUs) or processors 204 and has connections for 
two input/output (I/O) ports (one for each processor 204) and six inter-processor (IP) 
network ports. The IP network ports are preferably referred to as North (N), South (S), 
East (E) and West (W) compass points and connect to two unidirectional links. The 
North-South (NS) and East- West (EW) compass point connections create a (manhattan) 

is grid, while the outside ends wrap-around and connect to each other, thereby forming the 
2D torus. The SMP system 200 further comprises a plurality of I/O subsystems 206. I/O 
traffic enters the processor modules 202 of the 2D torus via the I/O ports. Although only 
one I/O subsystem 206 is shown connected to each processor module 202, because each 
processor module 202 has two I/O ports, any given processor module 202 may be con- 

20 nected to two I/O subsystems 206 (i.e., each processor 204 may be connected to its own 
I/O subsystem 206). 

Fig. 3 is a schematic block diagram of a dual CPU (2P) module 202. As noted, 
each 2P module 202 preferably has two CPUs 204 each having connections 302 for the 
IP ("compass") network ports and an I/O port 304. The 2P module 202 also includes one 
25 or more power regulators 306, server management logic 308 and two memory subsys- 
tems 310 each coupled to a respective memory port (one for each CPU 204). The server 
management logic 308 cooperates with a server management system to control functions 
of the computer system 200 (Fig. 2), while the power regulators 306 control the flow of 
electrical power to the 2P module 202. Each of the N, S, E and W compass points along 
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with the I/O and memory ports, moreover, preferably use clock-forwarding techniques, 
i.e., the forwarding of clock signals with the data signals, to increase data transfer rates 
and reduce skew between the clock and data. 

Each CPU 204 of a2P module 202 is preferably an "EV7" processor from Com- 
paq Computer Corporation of Houston Texas, that includes part of an "EV6" processor as 
its core together with "wrapper" circuitry that comprises two memory controllers, an I/O 
interface and four network ports. In the illustrative embodiment, the EV7 address space 
is 44 physical address bits and supports up to 256 processors 204 and 256 I/O subsystems 
206. The EV6 core preferably incorporates a traditional reduced instruction set computer 
(RISC) load/store architecture. In the illustrative embodiment described herein, the EV6 
core is an Alpha® 21264 processor chip manufactured by Compaq Computer Corpora- 
tion with the addition of a 1.75 megabyte (MB) 7-way associative internal cache and 
"CBOX", the latter providing integrated cache controller functions to the EV7 processor. 
The EV7 processor also includes a "RBOX" that provides integrated routing/networking 
control functions with respect to the compass points, and a "ZBOX" that provides inte- 
grated memory controller functions for controlling the memory subsystem 310. How- 
ever, it will be apparent to those skilled in the art that other types of processor chips may 
be advantageously used. 

Each memory subsystem 310 may be and/or may include one or more conven- 
tional or commercially available dynamic random access memory (DRAM), synchronous 
DRAM (SDRAM), double data rate SDRAM (DDR-SDRAM) or Rambus DRAM 
(RDRAM) memory devices. 

Fig. 4 is a schematic block diagram of an I/O subsystem 206. The subsystem 206 
includes an I/O bridge 402, which may be referred to as an "107", that constitutes a fun- 
damental building block of the I/O subsystem 206. The 107 402 is preferably imple- 
mented as an application specific integrated circuit (ASIC). As described above, each 
EV7 processor 204 includes one I/O port 304; however, there is no requirement that each 
processor 204 be connected to an I/O subsystem 206. 

The 107 402 comprises a North circuit region 404 that interfaces to the respective 
EV7 processor 404 and a South circuit region 406 that includes a plurality of I/O data 
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ports 408a-d (P0-P3) that preferably interface to standard I/O buses. An EV7 port 41 0 of 
the North region 404 couples to the EV7 processor 204 via two unidirectional, clock for- 
warded links 412. In the illustrative embodiment, three of the four I/O data ports 408a-c 
interface to the well-known Peripheral Component Interface-Extended (PCI-X) bus stan- 
dard, which is hereby incorporated by reference in its entirety, while the fourth data port 
404d interfaces to an Accelerated Graphics Port (AGP) bus standard. More specifically, 
ports P0-P2 include a PCI-X controller, such as controller 414 at port P0, which is cou- 
pled to and controls a respective PCI-X bus, such as bus 416. Attached to bus 416 may 
be one or more I/O controller cards, such as controllers 418, 420. Each I/O controller 
418, 420, in turn, interfaces to and is responsible for one or more I/O devices, such as I/O 
devices 422 and 424, which may or may not be multifunction devices. Port P3 may in- 
clude an AGP controller (not shown) rather than a PCI-X controller for controlling an 
AGP bus. 

The South region 306 further includes an interrupt port 432 (P7). The interrupt 
port P7 collects interrupts, such as level sensitive interrupts (LSIs) and for message sig- 
naled interrupts (MSIs), and sends these interrupts to North region for transmission to and 
servicing by the processors 104 of the EV7 mesh. 

A cache coherent domain of the SMP system 200 preferably extends into the 107 
402 and, in particular, to I/O buffers or caches located within each I/O data port 408. 
Specifically, the cache coherent domain extends to a write cache (WC) 426, a read cache 
(RC) 428 and a translation look-aside buffer (TLB) 430 located within each I/O data port 
408. The WC 426 and RC 428, as well as TLB 466 function as coherent buffers. The 
WC 426 buffers data that was received by the 107 402 from one or more I/O devices and 
is to be written to the EV7 mesh, e.g., to a processor cache and/or one or more memory 
subsystems 310. The RC 428 buffers data that was received by the 107 402 from the 
EV7 mesh and is to be read by one or more I/O devices. In the preferred embodiment, 
the WC 426 and RC 428 is each configured to buffer up to 28 64-byte blocks of data. 

Fig. 5 is partial block diagram of a port, e.g., P0, of an 107 402 in greater detail. 
The port PO includes a transaction initiation engine 502 that is operably coupled to a 
write buffer 503, and a transaction completion engine 504 that is operably coupled to the 
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write buffer 503 and to a read buffer 505. The write buffer 503 includes a plurality of 
entries 506a-r, and each entry contains a data space 508 for buffering data received from 
the EV7 mesh and a corresponding super tag space 510 which, as described below, is 
loaded by the transaction initiation engine 502 with a value that it associates with the cor- 
responding data. The read buffer 505 also includes a plurality of entries 512a-r and each 
entry contains a data space 514 for buffering data received from the I/O devices and a 
corresponding super tag space 516 which, as also described below, is loaded with a value 
selected by the transaction initiation or completion engines 502, 504 that the engine asso- 
ciates with the corresponding data. Each entry of both the write and read buffers 503, 
505 may further include spaces to buffer command and address information for the re- 
spective data. 

Unlike the WC 426 and RC 428 described above, the write and read buffers 503, 
505 are preferably not part of the cache coherent domain of the SMP system. 

Suppose a processor 104 of the EV7 mesh wishes to write eight 64-byte blocks of 
data to a selected I/O device, e.g., I/O device 424, which may be a tape drive. The proc- 
essor 104 generates a write transaction which includes the address into which the data is 
to be written and the eight blocks of data. The processor 104 then sends the write trans- 
action to the 107 402 to which device 424 is connected. The write transaction is received 
at the 107' s EV7 port 410 and is handed down from the North region 404 to port P0 to 
which device 424 is connected. As each 64-byte block is received, the transaction initia- 
tion engine 502 divides it into DWORD size, i.e., 32-bit blocks, and places each 
DWORD into the data space 508 of a respective entry 506 of write buffer 503. For each 
DWORD of data being placed in an given entry, e.g., entry 506g, the transaction initia- 
tion engine 502 also generates a respective super tag value. 

Fig. 6 is a highly schematic block diagram of a super tag 5 1 0 in accordance with a 
preferred embodiment of the present invention. The super tag includes a 5-bit tag field 
602 that has been concatenated, at least logically, with a 3-bit requester function number 
field 604 so as to generate an 8-bit super tag 510. Creation of the 8-bit super tag 510 al- 
lows the transaction initiation engine 502 to assign unique super tag values to 256 
DWORDs, which is eight times as many as supported by the prior art designs. The first 
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DWORD, for example, may be assigned super tag "00000 000", the second DWORD 
may be assigned super tag "00000 001", the third DWORD may be assigned super tag 
"00000 010" and so on up to a super tag of "1 1 1 1 1 1 1 Y\ 

The transaction initiation engine 502 then gains control of the PCI-X bus 416 in a 
conventional manner in order to forward the write transaction to device 424. As part of 
the bus acquisition process, the transaction initiation engine 502 drives an attribute mes- 
sage 100 onto the PCI-X bus 416 for receipt and processing by the targeted I/O device, 
i.e., device 424. Suppose the port P0 plans on moving the DWORD from entry 506g 
onto the PCI-X bus 416. As part of the attribute phase of the bus transaction, the trans- 
action initiation engine 502 loads the tag field 1 10 of the attribute message 100 with the 
value from the tag field 602 of the super tag 5 1 0 that is associated with entry 506g. In 
other words, engine 502 loads tag field 602 with the five higher order bits of the super tag 
510. Engine 502 also loads the requester function number field 1 16 with the value from 
the requester function number field 604 of the super tag 510. In other words, engine 502 
loads field 604 with the three lower order bits of the super tag 510. That is, engine 502 
does not use the I/O bridge's encoded function number in field 116, even assuming 107 
402 is encoded with a single function number. 

If device 424 is unable to accept the data, it responds with a Retry indication, re- 
quiring port P0 to retry the transaction at a later time. If the device 424 can accept but 
not process the data, it signals a Split Response to the 107 402. The device 424 also 
stores the information contained in the attribute message 100 that it received from port 
P0. Later on, after device 424 has successfully processed the write data, it sends a Split 
Completion Message over bus 416 to port P0. As part of the Split Completion Message, 
device 424 supplies the tag, requester bus number, requester device number and requester 
function number that it had stored from the attribute message 100 previously sent by port 
P0. The transaction completion engine 504 concatenates the received tag and requester 
function number to generate a super tag value. Engine 504 then performs a look-up in 
the write buffer 503 for the entry whose stored super tag from space 510 matches the su- 
per tag value generated from the Split Completion Message. As the data was success- 
fully processed by device 424, engine 504 clears the data from space 508 of this entry, 
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e.g., entry 506g, thereby making the entry and the respective super tag free for use with 
some other transaction. 

If the Split Completion Message from device 424 signals some error in its proc- 
essing of the data, the port PO may try and resend the data to device 424. 

The super tag of the present invention can also be used in support of read transac- 
tions that are initiated by the EV7 mesh and directed to a peripheral device. Suppose, for 
example, that a given processor 104 of the EV7 mesh wishes to read data from a periph- 
eral device connected to a particular 107 402. The processor 104 sends a read transaction 
specifying the address(es) containing the desired data to the 107 402. The 107 402, in 
turn, issues a series of reads onto the PCI-X bus 416 each of which is assigned a different 
super tag value 510. Each of these super tag values 510, moreover, preferably corre- 
sponds to an entry of the read buffer 505. More specifically, as part of each read, the 
transaction initiation engine 502 sends an attribute message 100 onto the PCI-X bus 416. 
The transaction initiation engine 502 loads the five higher order bits from a selected one 
of the assigned super tag values into the tag field 1 10 and the three lower order bits into 
requester function number field 1 16 of the attribute message 100. 

If the targeted peripheral device cannot process the read transaction, it may re- 
spond with a Retry indication, requiring the 107 402 to retry the transaction at a later 
time. If the targeted device can accept the transaction but must delay its delivery of the 
requested data, it signals a Split Response, and stores the information contained in the 
attribute message 100 that it received from port P0. Later, when the device is ready to 
deliver the requested data, it gains control over the PCI-X bus 416, and issues a Split 
Completion transaction that includes the data. The Split Completion transaction also in- 
cludes the tag value and the requester function number value that the device had stored 
from the attribute message 100 previously sent by port P0. The transaction completion 
engine 504 concatenates these values to generate a corresponding super tag value 510 
which it then uses to identify a corresponding entry, e.g., entry 512m, into which the cor- 
responding data is stored before transmission into the EV7 mesh. If, instead, the targeted 
device is unable to complete delivery of the requested data due to some type of error, it 
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returns a Split Completion Message to port PO, which returns the error status to the re- 
spective processor. 

With the present invention, the 107 402 can have up to 256 outstanding split 
transactions (which can be any combination of reads and writes) before having to stall the 
processor 104 from issuing additional reads or writes. This represents a significant im- 
provement over the prior art systems which were limited to at most 32 outstanding split 
transactions. 

Fig. 7 is a highly schematic, partial block diagram of a data port of an 107 700 
configured in accordance with another embodiment of the present invention. The 107 
700 includes a plurality of, e.g., eight, transaction queues 702a-702h. Each queue 702 
has a plurality of, e.g., 32, entries for buffering information, such as command (Cmd) and 
address (Addr) information. For example, queue 702a has entries 704a-704ff, queue 
702b has entries 706a-706ff, and queue 702h has entries 708a-708ff. The queue entries 
may also store data. Associated with each queue entry is a corresponding tag. For exam- 
ple, queue 702a has tags 710a-710ff, queue 702b has tags 712a-712ff, and queue 702h 
has tags 714a-714ff. Transaction queues 702a-702h are preferably not part of the cache 
coherent domain of the SMP system. 

Each of the eight transaction queues 702a-702h is also associated with a particular 
function number 71 6a-h. The function numbers may be hardwired or encoded during 
fabrication of the 107 402. Alternatively, they may be read out of one or more control 
and status registers (CSRs) for assignment to the queues 702 during initialization of the 
107 700. Each transaction queue 702 is configured to receive and/or send information to 
the EV7 mesh. Each transaction queue 702 is also coupled to an I/O bus 718 through a 
transaction select multiplexer (mux) 720. In particular, each queue 702 includes its own 
mux 722a-722h for providing a selected queue entry to the transaction select mux 720 
which, in turn, provides the selected transaction to the I/O bus 718. Connected to the bus 
718, which is configured to operate in accordance with the PCI-X bus specification stan- 
dard, are a plurality of peripheral devices (not shown). 

The 107 700 further includes a bus master state machine 724 that is operably cou- 
pled to each transaction queue 702a-702h and to the transaction select mux 720. In par- 
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ticular, the bus master state machine 724 receives information from the queues regarding 
available tags, i.e., available or free entries, as indicated by arrows 726a-726h, and oper- 
ates both the queue-specific multiplexers 722a-722h and the transaction select mux 720, 
as indicated by arrows 728a-728h and arrow 730, so as to drive the information buffered 
at a selected queue entry onto the PCI-X bus 718. 

A transaction logic device 732 is updated via the bus master state machine 724 to 
keep track of the number of remaining, available tag identifiers. As transactions are re- 
ceived by the EV7 mesh, the bus master state machine 724 selects one of the eight trans- 
action queues 702a-702h in which to buffer the respective transaction or portion thereof. 
Each transaction or portion thereof received from the EV7 mesh is placed in a respective 
transaction queue entry and is thus assigned a respective tag value. When the number of 
available entries from all eight transaction queues 702a-702h is exhausted, processing of 
subsequent transactions is delayed and a STALL state 734 is issued to the processor(s) of 
the EV7 mesh. 

However, as can be appreciated by one skilled in the relative art, up to 256 out- 
standing Split Transactions can be accommodated by the configuration shown before a 
stall situation is encountered. 

The 107 700 further includes transaction completion and error checking logic 736 
that is coupled to the I/O bus 718. Logic 736 is also operably coupled to the transaction 
queues 702a-702h as indicated by the flush_queue_on_error and queue_select signals 
738, 740. Logic 736 is also configured to provide completion status information to the 
processors of the EV7 mesh, as indicated by arrow 742. 

When the information from a selected entry of a queue, e.g., entry 706a of queue 
702b, is to be driven onto the bus 718 as part of a write transaction, the bus master state 
machine 724 first drives an attribute message 100 (Fig. 1) onto the bus 718. In the tag 
field 1 10, the state machine 724 loads the tag value assigned to the selected entry, e.g., 
tag value "1". In the requester function number field 1 16, the state machine loads the 
function number assigned to the respective queue, e.g., function number "1". If the tar- 
geted device can accept but not process the data, it responds with a Split Response and 
stores the tag and function number values. Later after it processes the received data, the 

13 

WCKEETAH\VOLl\CUENTS\015\311\2285ul\PROSECUT\PATAPP.doc 08/24/01 9:57 AM 



PATENT 
15311-2285U1 

device returns a Split Completion Message which includes the tag and function number 
values. These values are received by the transaction completion logic 736 which uses 
them to index to a specific queue and a specific entry of that queue, e.g., entry 706a of 
queue 702b, which is then cleared. 

For split read transactions, the device issues a Split Completion transaction in- 
cluding the requested data and the previously provided tag and requester function number 
values. The transaction completion logic 736 utilizes these values to index to a queue 
entry into which it buffers the received data. Once all of the requested data has been re- 
ceived, it can be sent to the EV7 mesh. 

If the transaction completion logic 736 receives a Split Completion Message sig- 
naling an error status or it detects an error in the received tag and function values, it may 
issue the flush_queue signal 738. 

In the illustrated embodiment of Fig. 7, a function number of "0" is assigned to 
transaction queue 702a, a function number of "1" is assigned to queue 702b and a func- 
tion number of "7" is assigned to queue 702h. Those skilled in the art will recognize that 
function numbers "2" through "6" are assigned to their own queues (not shown). As 
noted above, the function numbers may be assigned at fabrication or during initialization 
and typically will not change during transaction processing. 

It should be understood that the present invention may be used with other attribute 
messages, such as "Burst" and "Type 0" attribute messages. 

It should also be understood that the transaction initiation and completion engines 
502, 504 of Fig. 5 and the state machine 724 and logic 736 of Fig. 7 can be combined into 
a single engine or state machine component. 

It should be further understood that the 107 may have a single large queue for 
buffering information. 

The foregoing description has been directed to specific embodiments of the pres- 
ent invention. It will be apparent, however, that other variations and modifications may 
be made to the described embodiments, with the attainment of some or all of their ad- 
vantages. For example, the present invention could be implemented in single processor 
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